ABSTRACT purpose. To compare the extent of tibial bone covered by the tibial tray in 6 most commonly used total knee arthroplasty designs in order to strike a balance between mediolateral cortical fit and optimal tibial component rotation. Methods. In 74 men and 27 women aged 17 to 60 (mean, 32) years with suspected soft-tissue injuries, their magnetic resonance images of the knee in full extension were superimposed with scans of the tibial trays of the 6 designs (one asymmetric and 5 symmetric). The tibial coverage by the tray and any posterolateral/posteromedial overhang/underhang were measured. results. All 6 tray designs achieved tibial bone coverage of over 80%. Only 28% of all trays achieved optimal posterolateral fit, whereas 49% had posterolateral overhang enough to cause popliteal tendon impingement. Although the asymmetric tray provided highest tibial coverage (88%), its rates of relative and absolute posterolateral and
introduction
Optimising bone coverage with the tibial component in total knee arthroplasty (TKA) may avoid complications such as postoperative bone bleeding, subsidence, loosening, and component overhang. Many prostheses have a symmetrical tibial tray, although morphologically the medial tibial plateau is larger than the lateral one. [1] [2] [3] [4] Anatomic or asymmetrical tibial trays have a smaller lateral plateau, which increases tibial coverage and reduces tibial overhang at the lateral corner. 5, 6 It is unclear what extent of tibial overhang will lead to clinical symptoms requiring revision surgery. 7 Conversely, tibial underhang results in subsidence and loosening in TKA, especially in uncemented tibial components. [8] [9] [10] [11] [12] Axial rotation of the tibial tray affects the extent of bone coverage. The best mediolateral or anteroposterior cortical fit of the tibial component usually does not result in optimal rotational alignment with the femoral component, which may adversely alter patellofemoral kinematics. 13 Based on the tibial alignment described by Insall, 14 complete medial and lateral cortical coverage often results in posterolateral overhang when using symmetric tibial components. Lessening the posterolateral overhang by internal rotation has a net effect of externally rotating the insertion of the ligamentum patellae. Increasing the Q-angle is associated with anterior pain, patellofemoral wear, and instability. 15, 16 We compared the extent of tibial bone covered by the tibial tray in 6 most commonly used TKA designs in order to strike a balance between mediolateral cortical fit and optimal tibial component rotation.
Materials and Methods
Ethics committee approved this retrospective magnetic resonance imaging (MRI) study. The tibial tray of the 6 most commonly used TKA designs (NexGen, LCS, PFC, Scorpio, Triathlon, and Genesis II) in the Australian National Joint Registry 17 were analysed. The first 5 were symmetric and the last one was asymmetric.
Proton-density, fat-suppressed MRI scans of the knee in full extension from 74 male and 27 female skeletally mature patients (mean age, 32 years; range, 17-60 years) who had suspected soft-tissue injuries were reviewed. All measurements were made using the Osirix Dicom Viewer (Osirix Foundation, Geneva).
An axial slice 8 to 10 mm distal to the lateral tibial plateau articular surface was chosen; this represented the average resection height during TKA (Fig. 1 ). The Insall line was then digitally drawn (Fig. 2) . It was defined as a line from the junction of the medial and middle 1/3 of the tibial tubercle to the insertion point of the posterior cruciate ligament (PCL) on the posterior surface of the tibia. 14 The patellar ligament (rather than the tibial tubercle) was used as the anterior landmark, as the tubercle was distal to the plane of the axial slice. The Insall line would serve as the landmark in which the tray rotated. This was a highly reliable method for optimising tibial component rotation.
All standard sizes of the 6 tibial tray designs were scanned together with a sizing marker to prevent magnification error. These digital images were then superimposed on the axial MRI slice of the knees (using Adobe Photoshop CS4), and transparency was adjusted to reveal any overhang and enable appropriate mediolateral sizing. The largest appropriate size to achieve mediolateral fit was chosen and rotated so that the anterior landmark of the tray was directed at the origin of the Insall line (Fig. 2) . The posterior tail of the tray was manoeuvred to obtain equal medial and lateral coverage of the tibial surface. This often meant that the posterior notch of the tray was not precisely in line with the PCL insertion, but this centred the tray on the tibia.
The femoral anteroposterior sagittal width of all knees was measured, and an appropriately sized femoral component was allocated to achieve femorotibial size matching, according to the sizing charts of the manufacturers. Some TKA systems have a variety of tibial components to match a specific femoral size. There was no mismatch in this series. For the NexGen prosthesis, the smaller of the 2 sizes was selected when the larger size had posterior overhang, because for every second size it increases in the anteroposterior distance but not the mediolateral distance.
The tibial bone coverage of each tray design was calculated. This was defined as the total crosssectional area (CSA) of the appropriately sized tray minus any tray overhang, divided by the total CSA of the tibial surface. The maximal amount of posterior overhang and underhang was measured in well-fit trays (without anterior, medial, or lateral overhang) [ Fig. 2 ]. Posterior overhang and underhang was measured separately on both lateral and medial sides and indicated as a positive and negative distance from the posterior edge of the tibia, respectively. A distance of ≤1 mm was defined as optimal sizing, 1 to ≤3 mm as relative overhang/underhang, and >3mm as absolute (unacceptable) overhang/underhang (Fig. 3) .
The popliteal tendon was identified along the posterolateral aspect of the tibia. The shortest distance between the anterior edge of the tendon and the posterior tibial cortex was measured. This indicated the extent of the overhung trays theoretically impinged on the popliteus in the extended knee (Fig.  4) . In all patients, the popliteal tendon was noted to be posterior to the posterolateral corner of the tibia at the level of resection.
Proportions were compared using the Chi squared test. Continuous variables between prostheses were compared using the paired t tests, as the same tibia was used for each pair. Tibial coverage by gender was compared using the un-paired t test. A p value of <0.05 was considered statistically significant.
results
All prostheses achieved tibial coverage of ≥80%. The asymmetric Genesis II tibial tray achieved significantly more tibial coverage than all other symmetric trays did (88% vs. ≥80%, p<0.001 for each comparison, paired t test, Table) . The number of tray sizes available in each standard set did not correlate with total coverage (p=0.3).
On average, only 28% of all tibial trays of the 6 designs demonstrated optimal posterolateral fit (Table) . The rate of optimal posterolateral fit was highest for the NexGen (34%), which was not significantly higher than any other tray designs ranging from 25% to 32% (p>0.2 for all). The rate of relative posterolateral overhang was lowest for the NexGen (22%), compared to the Genesis II (38%, p=0.01), LCS (37%, p=0.02), Triathlon (35%, p=0.04), PFC (33%, p=0.07), and Scorpio (32%, p=0.1). The rate of absolute posterolateral overhang was lowest for the NexGen (5%), compared to the Genesis II (26%, p<0.001), Triathlon (21%, p<0.001), Scorpio (20%, p=0.001), LCS (17%, p=0.006), and PFC (10%, p=0.2). In total, 16% and 33% of all trays had absolute and relative posterolateral overhang (>1 mm), respectively. The mean distance of the popliteal tendon from the posterior tibial surface was 1±0.1 (range, 0-4) mm.
On average, only 8% of all tibial trays of the 6 designs demonstrated optimal posteromedial fit (Table) . The rate of optimal fit was highest for the Genesis II (24%), which was significantly higher than any other designs ranging from 1% to 9% (p<0.001 for all). The rate of relative or absolute posteromedial overhang was highest for the Genesis II (15%), which was significantly higher than for any other designs ranging from 1% to 2% (p<0.002 for all). 70% of all trays had absolute posteromedial underhang; the rate was highest for the NexGen (90%), compared to the PFC (86%, p=0.5), Scorpio (75%, p=0.01), LCS (70%, p<0.001), Triathlon (67%, p<0.001), and Genesis II (30%, p<0.001). Table  Comparison of tibial coverage and percentages of overhang and underhang of the tibial tray of the 6 designs* * Overhang is mainly a problem laterally and underhang is mainly a problem medially 72 knees, 5 asymmetric components had better fit. However, axial rotation was not controlled and the tibial trays were sized from the medial tibial plateau.
In another study, symmetric designs have been shown to have better tibial coverage. 18 Better cortical fit on the tibial cut surface can be achieved with increasing number of tray sizes available. 18 However, the component rotation was also not controlled.
In a recovery study of 42 tibial resection specimens with rotation being controlled, 6 the asymmetrically designed trays could be placed without overhang. It was concluded that the number of sizes available was more important than the shape of the tibial tray. 6 In a 5-year study of unicompartmental knee replacements, 7 pain and Oxford knee scores were significantly less favourable in patients with radiographically confirmed medial overhang of >3 mm.
Our study had several limitations. Firstly, it was 2-dimensional and measurements could only be made in one plane. With the leg in full extension, this negated the slight increase in area that may be ensue in vivo with a built-in posterior slope cut. Secondly, the anterior landmark used for the Insall line was modified. We used the junction of the medial 1/3 and lateral 2/3 of the patella ligament at the level of the tibial resection. The true origin of the Insall line may be lateral to the point used in our study, resulting in underestimation of component external rotation and thus posterolateral overhang and posteromedial underhang. Thirdly, as patients were suspected to have soft-tissue injuries, joint effusions were present in some of the scans, and soft tissues were pushed away from the joint so as to increase the popliteusto-tibia distance. Therefore, our mean 1 mm distance between the popliteus and the back of the tibia may have been an underestimate, potentially increasing the risk of tendon impingement. Fourthly, we did not utilise all methods of tibial component rotation, only a method based on the location of the tibial tubercle. Fifthly, the gender distribution was not in keeping with arthroplasty registries. Our data (unpublished) indicate that the aspect ratios of the knee compartments are not gender dependent, despite females having smaller tibias than men. Finally, our patient cohort was relatively young and there were no degenerative changes or osteophyte formation. Although peripheral osteophytes surrounding the cut tibial surface are generally excised, it may potentially increase the average surface area of the tibia and thus decrease the tibial coverage. Nonetheless, the number of patients in our study was high. The use of MRI enabled direct measurement from articular cartilage surfaces (as is done intra-operatively) as opposed to the bone surface on computed tomography. Softtissue structures (such as the popliteal tendon) were easily visualised for assessment of tray overhang on soft-tissue impingement.
Although the asymmetric tray provided highest tibial coverage, its rates of relative and absolute posterolateral and posteromedial overhang were also highest. In total, 48% of all tibial trays had posterolateral overhang of ≥1 mm that may result in popliteal tendon impingement. The advantages of improved tibial coverage by the asymmetric tray may be negated by the increased rate of posterior overhang.
It is unclear what the minimum tibial coverage should be to avoid the risk of tibial component subsidence and failure. A higher failure rate has not been observed in symmetric trays that attain lower tibial coverage. Future design modifications to the tibial tray should address these issues.
